The recent spread of Zika virus (ZIKV) is alarming due to its association with birth defects. Though the natural reservoir of ZIKV remains poorly defined, the virus was first described in a captive "sentinel" macaque in Africa. Here, we examined blood from 239 wild African monkeys and found variable seropositivity.
INTRODUCTION
Zika virus (ZIKV) is a positive-sense single-stranded RNA virus that recently emerged to cause widespread human infection in Micronesia and the Americas. However, the cause of ZIKV's recent expansion is poorly understood and its natural reservoir remains poorly defined.
ZIKV was first isolated from a captive rhesus macaque (Macaca mulatta) in Uganda in 1947 (1) .
Since then, ZIKV has been isolated from humans, monkeys, and mosquitoes living in Africa, Southeast Asia, Micronesia, and the Americas (2) . Monkeys in Africa often live in close association with humans and are likely involved in the zoonotic transmission of flaviviruses, including ZIKV, mediated by mosquito vectors (3) . While many serosurveys showed the presence of ZIKV in both humans and non-human primates in Africa in the 1950s-1980s (2), these surveys have not been updated since. In addition, serosurveys from this period were prone to significant cross-reactivity with other flaviviruses such as dengue virus (DENV), West Nile virus (WNV), and yellow fever virus (YFV), complicating their interpretation (2) . We sought to better understand ZIKV prevalence in wild African primates using unbiased deep-sequencing, ZIKV-specific quantitative RT-PCR, and a ZIKV-specific antibody-capture assay, assessing for antibody cross-reactivity to other flaviviruses using serum from experimentally infected animals. Samples from South Africa, Zambia, and Tanzania were processed for deep sequencing as described previously (4) . Briefly, viral RNA was isolated from approximately 200 µl of plasma and cDNA synthesis was primed using random hexamer primers. Samples were fragmented, and sequencing adaptors were added using a Nextera DNA sample preparation kit (Illumina, San Diego, CA, USA). Deep sequencing was performed on an Illumina MiSeq.
STUDY METHODOLOGY
Sequence data were analyzed using CLC Genomics Workbench (version 6.5) software (CLC Bio, Aarhus, Denmark) and Geneious R9 software (Biomatters, Auckland, New Zealand). Lowquality (Phred quality score, <Q30) and short reads (<100 bp) were removed. Samples were then compared against all viral sequences in the NCBI GenBank database as of June 22, 2016 (5) using BLAST. ZIKV reads were not identified in any of the samples investigated by this method.
All samples were tested for ZIKV-specific immunoglobulin-G (IgG) against recombinant ZIKV nonstructural protein 1 (NS1) using ELISA kits designed by XPressBio (XPressBio, Frederick, MD, USA). Samples were diluted 1:50 and the assay was performed according to the manufacturer's instructions, with all tests performed in duplicate. Specificity was independently verified by testing serum from animals experimentally infected with ZIKV (n=6), DENV-1 (n=6), DENV-2 (n=5), DENV-3 (n=12), DENV-4 (n=6); vaccinated for YFV (n=6); or raised in captivity with no known exposure to flaviviruses (n=12). Sera from animals vaccinated with YFV showed no cross-reactivity with this antibody detection assay. However, cross-reactivity was noted with all DENV serotypes except DENV-2 (supplemental material). False-positive reactions from animals previously infected with DENV showed an average change in optical density (ΔOD) between positive and negative wells of 0.815 with a standard deviation of 0.345, which was above the manufacturer-recommended positivity threshold of ΔOD > 0.3. We adopted a new experimentally-determined cutoff at the upper limit of the 95% confidence interval of this population (ΔOD = 1.49) to more accurately distinguish ZIKV exposure from DENV exposure.
All samples from animals experimentally infected with ZIKV had ΔOD values that were greater than this limit, making the ELISA test 100% sensitive and 100% specific based on experimentally infected animals with known clinical histories. Amongst the wild monkeys tested, the highest seroprevalence was seen in the Gambian vervets, where 4 out of 25 animals (16%) showed evidence of prior exposure to ZIKV. Two of the 41 Tanzanian yellow baboons tested (4.9%) were also ZIKV seropositive. None of the samples from Zambian baboons (n=14) or South African AGMs (n=159) were positive for antibodies to ZIKV.
Samples from The Gambia and any from South Africa that tested above the manufacturer-recommended threshold of ΔOD > 0.3 for anti-ZIKV IgG by ELISA were also subjected to highly-sensitive quantitative RT-PCR, as described previously (6) South Africa compared to Tanzania and The Gambia (7) , and the range of Aedes africanus is largely limited to tropical forests in equatorial Africa (8) .
As ZIKV causes an acute viral infection, it is not surprising that our cross-sectional study did not detect active infection by deep sequencing or qRT-PCR. That we did not find evidence of active ZIKV infection in antibody-positive animals is consistent with recent data showing that ZIKV-specific antibodies are sufficient to protect against infection, such that antibody and viral nucleic acids would not likely coexist (9) .
Extensive cross-reactivity among anti-flaviviral antibodies has long presented a significant barrier to accurate determination of the seroprevalence of ZIKV. Thus, the increased specificity of the ELISA with the cutoff value developed here represents an important advancement for this field. Indeed, the ZIKV seroprevalence estimates reported here are well below many of those noted in previous studies (2) , possibly reflecting the lower false-positive rate of this method and providing a more accurate sense of the prevalence of ZIKV in the communities surveyed. This method can be used for larger serosurveys of wild animals to more accurately determine the prevalence of ZIKV infection. Such studies will be vital for further understanding the natural reservoir and transmission dynamics of ZIKV in Africa and elsewhere. Countries where human ZIKV infection has been detected are shown in yellow; countries where human and non-human primate ZIKV infection has been detected are shown in green; locations in which non-human primate ZIKV infection was detected in the current study are shown with red dots; locations in which non-human primate ZIKV infection was not detected in the current study are shown with blue dots. Past studies were reviewed in Musso & Gubler, 2016 (2) .
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